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(QJGDKO 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RI WKH7HUIHQRO' URGZDV FKRVHQ WR EH PP :LWK WKLV WKH OHQJWK DQG LQVLGH UDGLL RI WKH FRLOV DUH IL[HG WKH
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E FRQVLVWV RI DFWXDWRU DVVHPEO\ SUHVWUHVV PHFKDQLVP FRQVLVWV RI
DFFHVVRULHV OLNH%HOOHYLOOH VSULQJV IRUFH WUDQVGXFHU DQG ODVHU SLFNXS KHOG RQ WR GLJLWDO YHUQLHU KHLJKW JXDJH DQG
$3/$%SRZHUXQLWWRVXSSO\DVWHSLQSXWXSWR$ %HOOHYLOOHVSULQJVDUHXVHGWRSUHORDGWKH7HUIHQRO'URG)RUFH
WUDQVGXFHUPDNH+%06 LVXVHG IRUPHDVXULQJDSSOLHGSUHORDG ,W LV LQWHUIDFHG WRFRPSXWHU WKURXJK/DE9,(:
HQYLURQPHQWZKLFKZLOOPDNHXVHRI1,WRJLYHDQRXWSXWLQWKHIRUPRIJUDSKLFDOGLVSOD\IRUWKHIRUFHEHLQJ
DSSOLHG RQ 7HUIHQRO' URG /DVHU SLFNXS VHQVRU LV XVHG IRU PHDVXULQJ WKH GLVSODFHPHQW RI 7HUIHQRO' 7KH




 $QDO\WLFDO PDJQHWRPHFKDQLFDO FRXSOHG PDJQHWRVWULFWLRQPRGHO IRU7HUIHQRO'DFWXDWRU
&RQYHQWLRQDOO\ LW LV YHU\GLIILFXOW WR XQGHUVWDQG WKH FRQVWLWXWLYHEHKDYLRXURI7HUIHQRO' WKURXJKPRGHOOLQJ
7KHSUHVHQFHRI ODUJHPDJQHWRVWULFWLRQ DQLVRWURS\ ORZPDJQHWR FU\VWDOOLQH DQLVRWURS\ DQG D WZLQQHGGHQGULWLF
VWUXFWXUH JLYHV ULVH WR FRPSOH[ GRPDLQ OHYHO SURFHVVHV ZKLFK DUH QRW FRPSOHWHO\ XQGHUVWRRG +XDQJ DQG -LQ
7KH-LOHV$WKHUWRQPRGHO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:KHUH 7% LV D PDJQHWLF IOX[ GHQVLW\ DQG
VP LV WKH UHODWLYH PDJQHWLF SHUPHDELOLW\ DW FRQVWDQW VWUHVV RI D
7HUIHQRO'
)XUWKHU WKH LQGXFWDQFHRIGULYLQJFRLOV LVFRQVLGHUHGIRUFRPSXWLQJ WKHGLVWULEXWLRQRIPDJQHWLF ILHOG LQWHQVLW\RQ
7HUIHQRO' URG 7KH LQGXFWDQFH / RI FRLO LV D IXQFWLRQ RI LQSXW FXUUHQW DQG DSSOLHG SUHVWUHVV KDV EHHQ XVHG WR
H[SUHVVWKHPD[LPXPPDJQHWLF IOX[GHQVLW\ RQ7HUIHQRO'URG /L\LHWDO
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7KHLQGXFWDQFH / DQG / DUHLQGXFWDQFHVRIFRLODQGFRLOZKLFK LV UHVXOWDQWRIVHOILQGXFWDQFH(QJGDKO 
DQGPXWXDOLQGXFWDQFH<RXQJHWDO6KDSHIDFWRURIWKHFRLODOVRJRYHUQVWKHLQGXFWDQFH(QJGDKO
DQG*UXQZDOG DQG2ODEL , DQG , DUHDSSOLHG VWHSLQSXWWRFRLODQG FRLO  DQG 7$ LVWKH FURVVVHFWLRQDO
DUHDRID7HUIHQRO'URG
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(YDOXDWLRQRIPDJQHWL]DWLRQXVLQJ-LOHV$WKHUWRQPRGHO
7KHWRWDOPDJQHWL]DWLRQLVFRPSRVHGRIUHYHUVLEOHPDJQHWL]DWLRQDQGLUUHYHUVLEOHPDJQHWL]DWLRQ7KH-$PRGHORI
K\VWHUHVLV VWDUWVZLWK DQK\VWHUHWLFPDJQHWL]DWLRQ LQ ZKLFK FRXSOLQJ RI ILHOG DQG LQWHU GRPDLQPDJQHWL]DWLRQ DUH
IRUPXODWHGXVLQJPHDQILHOGWKHRU\
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:KHUH V0 LVWKHVDWXUDWLRQPDJQHWL]DWLRQ D LVWKHVKDSHSDUDPHWHURIDQK\VWHUHWLFFXUYHDQG HII+ LVWKHHIIHFWLYH
PDJQHWLFILHOG
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:KHUH N LV DGRPDLQZDOOSLQQLQJFRQVWDQWDQG SDUDPHWHU G LV  ZKHQ G+ GW ! DQG  ZKHQ G+ GW  
5HYHUVLELOLW\FRHIILFLHQW F DOORZVWKHUHYHUVLEOHPDJQHWL]DWLRQRIWKHPDWHULDO WR EHZULWWHQLQWHUPVRILUUHYHUVLEOH
PDJQHWL]DWLRQDQGDQK\VWHUHWLFPDJQHWL]DWLRQDV
 UHY DQ LUU0 F 0 0  
7KHWRWDOPDJQHWL]DWLRQLVWKHQGLFWDWHGE\WKHVXSHUSRVLWLRQRIWKHLUUHYHUVLEOHDQGUHYHUVLEOHPDJQHWL]DWLRQDQGLV
JLYHQDV
UHY LUU0 0 0  
 0DJQHWRPHFKDQLFDOPDJQHWRVWULFWLRQPRGHO
$QH[WHQVLYHZRUNKDVEHHQ UHSRUWHGE\PDQ\ UHVHDUFKHUV WR LPSURYH WKHPDJQHWRVWULFWLYHPRGHO E\ DFFRXQWLQJ
YDULRXV LQIOXHQFLQJ SDUDPHWHUV OLNH PDJQHWL]DWLRQ DSSOLHG SUHVWUHVV DQG <RXQJ¶V PRGXOXV 2QH RI WKH
FKDUDFWHULVWLFSURSHUW\RI7HUIHQRO'PDWHULDOLVWKDWWKHPHFKDQLFDOVWUDLQZLOORFFXULILWLVVXEMHFWHGWRDPDJQHWLF
ILHOG DSSOLHG VWUHVV ERWK LQGLYLGXDOO\ RU FRPELQHG 7KH GHSHQGHQFLHV FDQ EH UHSUHVHQWHG E\ WKH SLH]RPDJQHWLF
HTXDWLRQJLYHQE\(T
+ G +(
VO   
:KHUH O LV WKH PDJQHWRVWULFWLRQ V LV WKH DSSOLHG VWUHVV +( LV WKH \RXQJ¶VPRGXOXV DW FRQVWDQWPDJQHWLF ILHOG
+ LVWKHPDJQHWLFILHOGLQWHQVLW\DQG G LVWKHG\QDPLFVWUDLQFRHIILFLHQW
7KH PDJQHWRVWULFWLRQ JLYHQ E\ (T  FDQ EH H[SUHVVHG E\ VXEVWLWXWLQJ WKH PDJQHWLF ILHOG DV D IXQFWLRQ RI
PDJQHWL]DWLRQ .DUXQDQLGKLDQG6LQJDSHUXPDO
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7HUIHQRO' DFWXDWRU IRU VWHS LQSXW XQGHU GLIIHUHQW SUHORDG FRQGLWLRQV DUH GLVFXVVHG 0RGHO UHVSRQVH FXUYHV DUH






7KH D[LDOPDJQHWLF IOX[ GHQVLW\ KDV EHHQPHDVXUHG DW VSHFLILHG SRLQWVZLWK FRD[LDOO\ SODFHG FRLOV DORQH IRU VWHS
LQSXWRI$0D[LPXPPDJQHWLFIOX[GHQVLW\KDVEHHQREVHUYHGDWWKHFHQWUHDQGJUDGXDOO\GHFUHDVHVRQHLWKHUVLGH
IURPWKHFHQWUHRI7HUIHQRO'URG,WLVDOVRREVHUYHGWKDWWKHPDJQLWXGHRIPDJQHWLFIOX[GHQVLW\LVDOPRVWWKHVDPH
IRU WKH FRUUHVSRQGLQJ SRLQWV RQ HLWKHU VLGH IURP WKH FHQWUH RI 7HUIHQRO' DV VKRZQ LQ )LJ  D DQG E 7KH
PDJQHWLFIOX[GHQVLW\DORQJWKHUDGLDOGLUHFWLRQDWHDFK VSHFLILHGSRLQWKDVEHHQPHDVXUHGE\YDU\LQJWKHVWHSLQSXW
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IURPWR$ZLWKDVWHSRI$ ,WKDVEHHQREVHUYHG WKDW WKHPDJQLWXGHVRIPDJQHWLFIOX[GHQVLW\DORQJ WKH
UDGLDOGLUHFWLRQLVJUDGXDOO\GHFUHDVLQJZLWKLQFUHDVLQJGLVWDQFHIURPWKH7HUIHQRO'URGDVVKRZQLQ)LJDDQG
E7KLV LVEHFDXVH WKHPDJQHWRPRWLYH IRUFHJHQHUDWHGE\ WKHFRD[LDOFRLOV LVJRHVRQGHFUHDVLQJDV WKHGLVWDQFH






7KH PDJQHWL]DWLRQ DQG PDJQHWRVWULFWLRQ UHVSRQVHV IRU D 7HUIHQRO' DFWXDWRU IRU ]HUR SUHORDG DUH GLVFXVVHG
XVLQJWKHRUHWLFDOPRGHO7KHRUHWLFDOO\WKHPDJQHWRPHFKDQLFDOFKDUDFWHULVWLFVOLNHPDJQHWLFILHOGXVLQJ(T
PDJQHWL]DWLRQXVLQJ(T  PDJQHWRVWULFWLRQXVLQJ(T  DQG   DUHFRPSXWHGDVD IXQFWLRQRI
WLPH
D E
)LJ  D &RPSDULVRQRIVWUDLQDQGGLVSODFHPHQWZLWKDPDJQHWRPHFKDQLFDOPRGHOE TXDGUDWLFPRGHO DVDIXQFWLRQRIWLPH
7KHPLQLPXPDQGPD[LPXPVWUDLQREWDLQHGDUHDQGSSPIRUDVWHS LQSXWRI$DQG$UHVSHFWLYHO\
IURP)LJD ,W LVDOVRREVHUYHGWKDW WKHWLPHUHTXLUHGIRUWKHUHVSRQVHWRUHDFKIURPWKHSRLQWRIH[FLWDWLRQ WR
VWHDG\ VWDWH SRLQW LV FRQVWDQW DV WKH LQSXW LQFUHDVHV DQG HTXDO WR PV IURP )LJ  D )LJ  E VKRZV WKH
FRPSDULVRQRIVWUDLQREWDLQHGZLWKGLIIHUHQWPDJQHWRVWULFWLRQPRGHOVDJDLQVW WKH WLPH7KHRXWSXW VWUDLQREWDLQHG
ZLWKPDJQHWRPHFKDQLFDOPRGHOFRPSDUHGWRPRGHOVUHSRUWHGE\&DONLQVHWDODQG=KHQJDQG/LXLV





([SHULPHQWV DUH FRQGXFWHG WR PHDVXUH WKH GLVSODFHPHQW RI D 7HUIHQRO' DFWXDWRU XQGHU GLIIHUHQW SUHORDGLQJ
FRQGLWLRQV7KHH[SHULPHQWDORSHUDWLQJFRQGLWLRQVDUHYDU\LQJGFLQSXWVLPXOWDQHRXVO\WRFRLODQGFRLOFRQVWDQW
ELDVLQJILHOGWRFRLODQGYDU\LQJGFLQSXWWRFRLODQGYDU\LQJELDVLQJILHOGWRFRLODQGFRQVWDQWGFLQSXWWRFRLO
7KH H[SHULPHQW ZDV FRQGXFWHG IRU RQH FRPSOHWHU F\FOH LH LQFUHDVLQJ DQG GHFUHDVLQJ LQSXW DQG WKH GDWD ZDV
FROOHFWHGDWDIUHTXHQF\RIN+])LJ  D VKRZVWKHVWUDLQLQGXFHGLQD7HUIHQRO'DFWXDWRUE\YDU\LQJWKHVWHS












)LJ  E VKRZV WKH FRPSDULVRQ RI VWUDLQ REWDLQHG IURP H[SHULPHQW DQG PDJQHWRPHFKDQLFDO PDJQHWRVWULFWLRQ
PRGHOIRUDSUHORDGRI10D[LPXPVWUDLQREWDLQHGLVSSPZLWKWKHPDJQHWRPHFKDQLFDOPRGHODQG





$ 3URWRW\SH 7HUIHQRO' DFWXDWRU KDV EHHQ GHVLJQHG DQG IDEULFDWHG IRU DXWRPRWLYH DSSOLFDWLRQV %DVHG RQ VKDSH
IDFWRU RI FRLO WKH RSWLPL]DWLRQ EHLQJ FDUULHG RXW ZDV HIIHFWLYH WR DFKLHYH PDJQHWLF ILHOG IURP WKH GULYH FRLOV
0D[LPXPPDJQHWLF IOX[GHQVLW\KDV EHHQREVHUYHGDW WKHFHQWHUDQGJUDGXDOO\GHFUHDVHVRQHLWKHU VLGH IURP WKH
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FHQWHU IURP WKH D[LDO GLVWULEXWLRQ RI FRD[LDO FRLOV 2Q WKH RWKHU KDQG WKHPDJQLWXGH RIPDJQHWLF IOX[ GHQVLW\ LV






























/L\L/&KHQJPLQJ=%DLSLQJ<;LDRSHQJ /  5HVHDUFKRID*LDQW0DJQHWRVWULFWLYH9DOYHZLWK ,QWHUQDO&RROLQJ6WUXFWXUH ,(((
7UDQVDFWLRQVRQPDJQHWLFV  




<RR- 3DUN< ([SHULPHQWDOLQYHVWLJDWLRQRIPDJQHWRVWULFWLYH'R'LQNMHWKHDGIRUGURSOHWIRUPDWLRQ&XUUHQW$SSOLHG3K\VLFV 
<RXQJ+')UHHGPDQ5$)RUG/ 8QLYHUVLW\SK\VLFVZLWKPRGHUQSK\VLFVZLWKPDVWHULQJSK\VLFVWK (GLWLRQ $GGLVRQ:HVOH\
3XEOLVKHUV
=KDQJ7 -LDQJ&=KDQJ+ ;X+ *LDQWPDJQHWRVWULFWLYHDFWXDWRU IRUDFWLYHYLEUDWLRQ FRQWURO 6PDUW0DWHULDOVDQG6WUXFWXUHV 

=KHQJ;-/LX;($QRQOLQHDUFRQVWLWXWLYHPRGHOIRU7HUIHQRO'URGV-RXUQDORIDSSOLHG3K\VLFV 
=KRX+=KRX< =KHQJ;$FWLYHYLEUDWLRQFRQWURORI7HUIHQRO'URGRIJLDQWPDJQHWRVWULFWLYHDFWXDWRUZLWKQRQOLQHDUFRQVWLWXWLYH
UHODWLRQV -RXUQDORI7KHRUHWLFDODQG$SSOLHGPHFKDQLFV 
